Vestibular schwannoma (VS) (or acoustic neuroma) accounts for about 5% -6% of all intracranial tumors; little is known about the etiology. We investigated the association between various sociodemographic indicators and VS in a cohort of 3.26 million Danish residents, with 1087 cases identified in 35 308 974 person-years under risk, with data accrued from 1993 to 2006. Complete ascertainment of cases was ensured by using population-based and clinical cancer registries. Information on sociodemographic indicators was obtained on an annually updated individual level from Statistics Denmark. Log-linear Poisson regression models were used to estimate incidence rate ratios (IRRs). Linear regression models were used to examine the association between sociodemographic indicators and tumor size. We found that IRRs decreased gradually with decreasing level of education, with values of 0.62 (95% CI: 0.49 -0.78) for men and 0.62 (95% CI: 0.50 -0.77) for women with a basic education compared with a higher education. Similar results were found for disposable income. Marital status was associated with a higher incidence of VS in men but not women; nonmarried men with a basic education had an IRR of 0.34 (95% CI: 0.23 -0.50) compared with married men with a higher education. Lower incidence rates were also observed among unemployed or early-retirement pensioners, whereas there were no differences in incidence rates across the broad groups of occupations and across the types of districts. Sociodemographic indicators were not associated with the tumor size. The magnitude of the differences in incidence rates across the groups of different socioeconomic indicators suggests a high potential for earlier diagnosis of VS by improving the awareness of early symptoms.
V estibular schwannoma (VS), also termed acoustic neuroma, is a tumor that arises on the 8th cranial nerve leading from the brainstem to the inner ear and accounts for about 5% -6% of all intracranial tumors. 1 VS occurs in a sporadic, mostly unilateral form and in a hereditary, mostly bilateral form, with the latter accounting for about 5% -10% of the VS cases. 2 Little is known about the etiology of sporadic VS 3 ; recent research has focused on loud noise and the use of mobile phones as possible causes, but no conclusive evidence is yet available. 4, 5 The incidence rate of VS has increased steeply over the last 30 years 1, 6 ; with easier access to MRI, the tumors are diagnosed in an earlier stage when still small. 6 The increase in the number of diagnosed tumors is mainly explained by the diagnosis of intrameatal and small tumors among older persons who were not previously offered MRI examination. 7 An examination of sociodemographic variables may provide clues to the etiology. Such variables are also a commonly used concept in health research, and general inequalities in health reflect social inequalities. 8 However, there is again little reliable data for the association between sociodemographic variables and the risk for VS. One reason is that when brain tumors are investigated in aggregated data, few conclusions can be drawn with regard to associations in more rare subtypes of tumors within this tumor entity. 9 Another reason is that if studies are of case -control design requiring active participation of subjects, results need to be interpreted with caution, as sociodemographic indicators may reflect participation rates. 10, 11 Here, we report results from the linkage of information on a variety of sociodemographic factors for more than 3 million Danes enrolled in a nationwide cohort study, with information on more than 1000 cases of VS diagnosed between 1993 and 2006. We obtained data from several sources: a nationwide population-based cancer registry, a nationwide population-based registry of continuously updated information on sociodemographic factors of each Danish resident, and a large clinical database covering all cases of VS, including detailed clinical information.
Subjects and methods
Details of the setup of the Danish nationwide cohort study on social inequality and cancer ("Cancer og ulighed," CANULI) have been reported elsewhere. 12 In brief, all residents born between 1925 and 1976 who resided in Denmark between 1993 and 2006, approximately 3.5 million persons, were enrolled in this study. Entry into the cohort was at age 30 years because younger persons might still be in the educational system and thereby in the process of establishing their socioeconomic position. Persons who immigrated to Denmark and their descendants were excluded because they compose an ethnically very heterogeneous group and data on their education, if acquired abroad, were not available. This left 3.26 million Danes for study. Dates of death or emigration were obtained for all cohort members through December 31, 2006.
Information on the socioeconomic status of the study cohort was obtained from the population-based Integrated Database for Labour Market Research in Statistics, Denmark, which contains yearly data since 1980. Three levels of education were defined as follows: basic school/high school (primary and secondary school education only), vocational education (formal occupational training following school), and higher education (university education). Disposable income was calculated based on household income after taxation and interest per person, adjusted for the number of persons in the household and for the value of the Danish krone in 2000, following a formula from the Danish Ministry of Finance. For categorical analyses, disposable income was grouped into low (1st quartile), middle (2nd and 3rd quartile), and high (4th quartile), based on separated distributions for men and women in the cohort for each study year, otherwise applied as a continuous variable. 12 Categories for marital status were married, cohabitating, single, widow/widower, or divorced; for some analyses, marital status was aggregated into married and nonmarried. The type of district was classified into the capital area (Copenhagen), provincial cities, rural areas, and peripheral rural areas (being more than 40 km away from a local center with proper employment possibilities and having no border with a municipal center). The labor categories used were as follows: working, unemployed, pensioner due to age, and early-retirement pensioner; this last status is granted if a person is unable to work permanently due to mental or physical disability and this disability reduces the ability to work by at least 50%. The working group was further subdivided into manual (eg, construction, transportation, production workers), service (eg, nurses, hairdressers, caterers), agriculture (eg, farmers, fishermen), and creative (eg, researchers, designers, managers, lawyers, doctors, artists), following Florida's theory of the creative class as an emerging social class. 13 Information on all cases of VS was obtained from two sources. In Denmark, VS patients are treated mainly in one clinical center, and the clinical database of this center was used as the first source. 6 Additional clinical data from this source were also obtained to distinguish between the VS cases of intrameatal spread only and the cases of intra-and extrameatal spread. For the latter cases, tumor size was given as the extrameatal diameter in millimeters, measured at diagnosis. For the second information source, the cohort was linked with the nationwide population-based cancer registry to identify patients not registered in the clinical registry and vice versa.
14 The follow-up for VS incidence was through 31 December 2006, to match the follow-up for vital status.
Incidence rates by 5-year age groups were calculated for the level of education and for martial status (married vs nonmarried). Log-linear Poisson regression models were used to estimate incidence rate ratios (IRRs), with 95% confidence intervals (CIs) between the levels of each factor, where 1 was chosen as the reference level. 15 IRRs were always adjusted for period (1993 -1999 and 2000 -2006) and age (modeled as age and age 2 in years); further adjustments are given as footnotes in the tables. We used the status of the sociodemographic indicator 2 years before the year of observation to avoid misclassification due to a change in the respective factor because of the presence of a yet-undiagnosed VS, with the following exception: for persons who had retired due to their age, we used if possible the latest recorded occupation for their labor status. Follow-up for the labor status analyses ended at age 69 years for all cohort members. 12 Persons who had a diagnosis of cancer before being diagnosed with VS were censored at the date of diagnosis of their cancer and from then on excluded from the follow-up. Sex-specific logistic regression models were used to investigate whether spread of the VS (intrameatal only vs intraand extrameatal) was associated with the education level or marital status (married vs nonmarried); these factors were entered one at a time, and all models were adjusted for the year of diagnosis and the age at diagnosis. Among patients with intra-and extrameatal VS, tumor size was examined with univariate characteristics (mean, median, and 1st and 3rd quartiles) in sociodemographic subgroups by education level and marital status, and differences were explored using the Kruskal -Wallis test. Sex-specific multiple linear regression analysis was used to additionally adjust for age (using age and age 2 in the model) and year of diagnosis when investigating the association between tumor size and those sociodemographic factors.
Results
The study was based on 3 256 109 persons and 35 308 974 person-years of follow-up for VS. A total of 542 men and 545 women in the cohort had a diagnosis of VS without any previous cancer diagnosis.
There was a gradient of decreasing IRRs with a decreasing level of education and decreasing disposable income observed in both men and women but slightly stronger in women (Table 1) . With respect to disposable income, IRRs increased by a factor of 1.02 (CI: 1.01 -1.04, P , .01) for men and of 1.03 (CI: 1.02 -1.04, P , .01) for women with each additional 10 000 Danish kroner ( E1340). Compared with married men, all other groups of nonmarried men had a lower incidence rate of VS, particularly so in singles and men cohabitating with their partner. A different picture was seen among women, where only divorced women had a decreased IRR compared with married women. There was no clear pattern with respect to the type of district. Compared with service class men, men classed as unemployed, pensioners, and early-retirement pensioners had a lower incidence rate of VS, whereas there were few differences across the various professional groups. Among women, only early-retirement pensioners had a distinctly lower incidence rate, whereas the IRR was slightly greater for creative professionals compared with service class women. After further adjustment for education level and disposable income, most IRRs changed very little; however, the association between creative class and VS in women was attenuated ( Table 1 ). The higher incidence rate of VS with an increasing level of education in both men and women was seen across all ages, except in the 75 -79-year age group (Fig. 1) . Similarly, the higher incidence rate of VS in married men was also seen across all ages up to the age of 75 years, although it was less apparent in those aged between 30 and 39, and it seemed to be strongest in the 70 -74-year age group (Fig. 2) ; comparable results were not seen for women. Because disposable income is also related to age, we investigated the joint effects of age and income, and the pattern was similar to that for education level (data not shown).
Nonmarried men (aggregating single, cohabitating, divorced, and widowed) had a substantially lower VS incidence rate than married men, whereas nonmarried women showed only a tendency for a lower incidence rate (Table 2) . Simultaneous examination of marital status and education level showed that both effects persisted among men. Among both married and nonmarried women, there was also a decreasing risk for VS with a decreasing level of education, but little difference by marital status among the 3 education-level groups.
Information about the spread and size of the tumor was available for 1083 (99.6%) of the 1087 cases.
Overall, 298 (27.4%) of all VS were intrameatal only, and this proportion varied little by the education level (basic: 28.9%, middle: 25.6%, higher: 28.6%) and marital status (married: 28.1%, nonmarried: 25.7%). Sex-specific logistic regression analysis with adjustment for the year of diagnosis and the age at diagnosis confirmed the absence of an association between the spread of the tumor and education as well as marital categories. With regard to the subjects' level of education, middle (P ¼ .31) and higher education (P ¼ .89) did not differ from basic education with regard to the risk for extrameatal spread. Likewise, the risk for extrameatal spread was not influenced by marital status (P ¼ .96).
Among the 785 patients with an intra-and extrameatal VS, the mean and median diameters were 17.1 and 14 mm, respectively. Mean and median diameters in most groups by education level or marital status were similar to these overall values (Table 3) , although tumors tended to be larger among women with higher education and among nonmarried men. These findings were confirmed by sex-specific multiple linear regression analyses adjusted for age and year of diagnosis. The strongest predictor for tumor size was the year of diagnosis, with P-values well below .01 in all models, showing decreasing tumor size with recency of diagnosis.
Discussion
In this large, nationwide cohort study in Denmark with over 35 million person-years of follow-up, we observed clear associations between education level and disposable income and the occurrence of VS, with higher incidence rates of VS in men and women with higher education and higher income. We did not observe a clear association between tumor size and those sociodemographic indicators that showed the strongest associations with tumor incidence.
One reason for the increasing incidence of VS with increasing education and income might be a different risk profile in affluent persons, but little is known about the etiology of VS. Loud noise has been suggested as a risk factor in some but not all studies. 4,15 -18 Incidence rates across broad occupational categories in our study were relatively similar, providing further evidence that occupational exposures are unlikely to cause the distinct social gradient. Weak associations with mobile phone use have been observed in some case -control studies 3 but not confirmed by others. 19 During the time period of our study of 1993 -2006, the long-term use of mobile phones of 10 -15 years was not very frequent, particularly among women, and thus even if mobile phones were a risk factor, this cannot explain the social gradient observed in our study. If lifestyle factors play a role in the etiology of VS, it would thus be a healthy lifestyle posing a risk, for which there is little evidence from previous studies. However, there was an inverse association with smoking in a recent international case -control study. 20 The same study reported an increased risk for parous women compared with nulliparous women, putting forward the hypothesis that sex hormone levels may play a role in the etiology of VS. Alternately, one needs to consider issues related to the awareness of the tumor as well as diagnosis and detection patterns. 21, 22 VS is a slowly growing tumor and is often asymptomatic or minimally symptomatic, with hearing difficulties or hearing loss as a major first detectable symptom. 23 Interviews with patients have demonstrated that many VS patients had hearing problems for years before the diagnosis, resulting in a long period during which early detection of the tumor is possible. 24 Such earlier detection might be more common among better educated and more affluent persons because of increased awareness of hearing problems in higher social classes due to a higher dependency on communication skills. However, a decreased "doctor's delay" might also play a role. Interestingly, a previous study using the same cohort as the current study found no or very weak associations between education and income and all types of brain tumors combined, suggesting that the observed pattern is unique for VS, probably owing to the distinct symptomatology. 9 In a recent case -control study in the United States involving 782 brain tumor cases (including 96 cases of VS) and 799 controls, by far the largest social gradient in all brain tumor types was also observed for VS (an estimate of an increased VS risk of 5.3 for graduate/professional compared with less than high school), but in contrast to the above-mentioned findings in Denmark, an association was also seen with low-grade glioma, another slowly growing tumor. 11 Given the healthcare system in the United States, which may involve factors such as lack of medical insurance, availability of medical care, and the ability to afford medical care, discussion is needed in relation to under diagnosis, 25 but this does not play a role in the Danish system of free and equal access to public medical care. Therefore, it is more likely that it is the patient's delay, specifically the awareness and recognition of symptoms, the time elapsed before seeking medical help, and the time lag between going to general medical practice and being referred to specialized diagnostic centers, which might play a key role in explaining our results. An under-diagnosis might also be presumed among the unemployed or early-retirement pensioners, but such an assumption is of a more speculative nature.
Along these lines, it is a curious finding to observe a significantly higher incidence rate of VS in married men of all ages compared with nonmarried men but a weaker association among women. It might be that women are more likely to point out symptoms, such as hearing loss in men, than vice versa. Another possibility is that women are more insistent in advising men to seek medical help in the case of symptoms than vice versa. It remains unexplained, though, why married men also have a higher incidence rate compared with men cohabitating with their partner, and one may only speculate about the effect of the characteristics of such relationships. Pensioners did not show significantly lower incidence rates than most occupational groups, but high awareness of hearing problems following retirement is an empirically well-known phenomenon for hearing loss-related diagnoses other than VS.
Tumor spread and size were not associated with educational level and marital status, and there was even a tendency for larger tumors in women with a higher educational level. These findings raise some doubts as to whether the observed association with the incidence can be attributed entirely to early detection. However, in a Finnish case series of 91 VS patients, diagnostic delay had no effect on the VS size at the time of diagnosis, 26 and in clinical practice, it is observed that hearing loss is not directly associated with tumor size, ie, a huge tumor may be found in a person with almost normal hearing and a small tumor may induce deafness.
Our study has some methodological advantages, including the size of the study, which utilized access to the entire Danish population with annual updates of the sociodemographic indicators and complete ascertainment of cases of a benign tumor that is usually under registered in most cancer registries. The combination of data from the nationwide population-based cancer registry with a clinical database established on the same premises using the unique Danish central population registry number of each person enabled us to obtain high-quality diagnostic information, including the size of the tumor, and reduced to a minimum the risk for misclassification of the outcome under study. Likewise, the use of these data sources established for administrative reasons and years before the current hypothesis was established reduced the risk for selection and information bias. Finally, the conduct of the study in a country characterized by a tax-paid public health system with equal access to health services at all levels secured a high degree of reliability of the data. To the best of our knowledge, our study is unique with regard to the study of the association between sociodemographic factors and the risk for VS. We cannot rule out that some associations are owing to chance, and we did not formally adjust for multiple comparisons; however, the internal consistency of our findings argues against the role of chance.
In conclusion, we observed that married Danish citizens characterized as having a high education and a high income were at a significantly increased risk for VS. Our results indicate that gender differences may play a role when it comes to noting the first symptoms of disease in a partner. The magnitude of the effect caused by sociodemographic factors suggests a potential for the earlier diagnosis of VS by improving the awareness of early symptoms in the population overall and specifically in the less-educated and less-affluent groups in society.
